Abstract The Baumann angle of the humerus has been commonly used as an outcome measure for supracondylar fractures in children. However, there is limited or no information about the reliability of this measurement. The purpose of this study was to determine the inter-observer reliability (IEOR) and intra-observer reliability (IAOR) of the Baumann angle of the humerus. The Baumann angle of the humerus was measured by five observers on the anteroposterior radiographs of 35 children's elbows, all of which had sustained a nondisplaced supracondylar humeral fracture. The values of IEOR and IAOR were calculated using a Pearson coefficient of correlation. Ranges of differences in the measurement of the Baumann angle of the humerus were established, and the percentage of agreement between observers was then calculated using those ranges. The Baumann angle of the humerus is a simple, repeatable and reliable measurement that can be used for the determination of the outcome of supracondylar humeral fractures in the paediatric population. An excellent IEOR was found for the measurement of the Baumann angle (r=0.78, p=0.0001). When the difference between observers in the reported measurement of the Baumann's angle was calculated to be within seven degrees of each other, at least four of the five observers agreed 100% of the time. Similarly, excellent values of IAOR were found for the measurement of the Baumann's angle (r=0.80, p=0.0001).
Introduction
Supracondylar humeral fractures are common injuries in the children [1] [2] [3] . The outcome of supracondylar fractures in this population has been commonly determined by clinical and radiographic parameters including, among others, the Baumann angle of the humerus [2, 4, 5] .
The angle formed by the intersection of a line drawn down the humeral shaft axis and a line drawn along the physeal line of the lateral condyle has been commonly described as the Baumann angle of the humerus [2, 3, 6] . Dr. Ernst Baumann, while treating displaced supracondylar humeral fractures in children with closed reduction and olecranon overhead traction, demonstrated that this angle is a useful indicator of the adequacy of reduction of a displaced supracondylar humeral fracture [6] . A decreased Baumann angle suggests a residual varus angulation of the distal humerus.
Normal values of the Baumann angle in the paediatric population have been reported to range between 9°and 26° [ 2, 5, 7] . Multiple factors that could explain the wide range in the normal value of the Baumann angle have been investigated [4, 8] . However, to our knowledge, there is limited or no information about the reliability of the measurement of the Baumann angle.
The purpose of this study was to determine the interobserver reliability (IEOR) and intra-observer reliability (IAOR) of the Baumann angle of the humerus.
Materials and methods
An IRB-approved data collection study on paediatric elbow fractures is currently underway at the Orthopaedic Hospital Outpatient Medical Center. As part of this study, clinical and radiographic information is collected from patients younger than 14 years of age who were seen at the Orthopaedic Hospital Outpatient Medical Center and diagnosed with a supracondylar humeral fracture.
Of the entire population enrolled in the study, 35 patients with minimally displaced supracondylar humeral fractures, who were treated with cast immobilisation, and who had completely recovered the elbow range of motion at the latest follow-up (as compared to the normal, contralateral side), were included in the study. The mean age at the time of the fracture was 6.2 years (range 1.3-11.4 years, SD 2.2 years). The mean follow-up was 18.5 weeks (range 7.0-52.0 weeks, SD 11.5 weeks).
The anteroposterior radiographs of the affected elbows (n=35), obtained during the latest follow-up visit, were used with the purpose of determining the IEOR and IAOR of the Baumann angle of the humerus. All radiographs were taken digitally by an experienced technician, following standard techniques. The Baumann angle was measured using the Cobb tool available in our digital radiology package (Office PACS V 3.4.0.38, Stryker Imaging, Flower Mound, TX) by drawing a line perpendicular to the longitudinal axis of the humeral shaft, and a line following the physeal line of the lateral condyle [2] . The angle between these two lines was used as the Baumann angle.
The Baumann angle of the humerus was measured on the anteroposterior radiographs of these 35 elbows by five observers, including one paediatric orthopaedic surgeon, three orthopaedic surgery residents, and one certified paediatric nurse practitioner (a total of 175 observations). All observers received specific instructions on how to measure the angle in order to ensure a standardised technique. All radiographs were presented to the observers in a random fashion, blinding any identifying patient information. All five observers repeated their measurements on all 35 radiographs in a similar fashion (a total of 175 observations), after a period of at least two weeks from the initial assessment, to avoid recall bias. All five observers were blinded to the results of their first evaluation. In order to determine the IEOR of the Baumann angle of the humerus, the measurements obtained in both data-collection sessions were included (a total of 350 observations). For the determination of IAOR, the results of each one of the datacollection sessions (175 observations each) were compared.
Blinding and randomisation of the patients, as well as collection of the data, was performed by an independent investigator not associated with the evaluation process.
The statistical analysis was performed using STATA (Stata, College Station, TX). The Baumann angles obtained in each one of the data-collection sessions were compared using a paired t-test. A p value of less than 0.05 was considered significant. In order to determine IEOR and IAOR, and because the measurements were on a numerical scale, a Pearson coefficient of correlation was used. Correlations from 0 to 0.25 indicated poor reliability. Those from 0.25 to 0.50 indicated a fair degree of reliability. Those from 0.5 to 0.75 indicated good reliability, and those greater than 0.75 indicated excellent reliability. The frequency of agreement (as a percentage) between observers was determined using the raw data. Taking into consideration that a small difference in measurements might not represent a meaningful disagreement between observers, ranges of differences in the measurement of the Baumann angle were established, and the percentage of agreement between observers was then calculated using those ranges.
Results
During the first data-collection session (175 observations), the mean Baumann angle of the humerus was found to be Fig. 1 The inter-observer reliability (IEOR) of the measurement of the Baumann angle was found to be excellent (r=0.78, p=0.0001). Note the linear relationship between the measurements of the Baumann angle of the humerus by different observers 14 .7°(range −3.0°to 29.8°, SD 6.4°). This was not significantly different from the data obtained during the second data-collection session (more than two weeks apart, 175 observations) (mean 15.2°, range −2.3°to 31.2°, SD 6.3°) (p=0.78).
An excellent IEOR was found for the measurement of the Baumann angle (r=0.78, p=0.0001) (Fig. 1 ). When the difference between observers in the reported measurement of the Baumann's angle was calculated to be within 5°of each other, at least three of the five observers agreed 100% of the time (Fig. 2 ). When this difference was calculated to be within 7°of each other, at least four of the five observers agreed 100% of the time (Fig. 2) .
Similarly, excellent values of IAOR were found for the measurement of the Baumann's angle (r=0.80, p=0.0001) (Fig. 3) . When the difference between the first and second measurement of the Baumann's angle of the humerus (for each one of the observers) was calculated to be within 7°, the mean agreement between the two observations was found to be 91.4%.
Discussion
The outcome of supracondylar humeral fractures in the paediatric population has been commonly assessed by clinical and radiographic parameters, including the Baumann angle of the humerus [5, [9] [10] [11] [12] [13] [14] [15] . To our knowledge, there is limited or no information about the reliability of this radiological measurement.
Normal values of Baumann angle in the paediatric population have been reported to range between 9°and 26° [2, 5, 7] . In an attempt to explain the wide range in the normal value of the Baumann angle, multiple factors that could affect both the anatomy of the distal portion of the humerus as well as the physical measurement of the Baumann angle have been investigated. Keenan and Clegg, after examining the radiographs of 577 paediatric elbows, performed an analysis of variance that suggested that neither age, gender, nor side measured affected the Baumann angle of the humerus [8] . Camp et al. showed that the Baumann angle of the humerus varies 6°for every Fig. 2 When the difference was calculated to be within 7 degrees of each other, at least four of the five observers agreed 100% of the time Fig. 3 The intra-observer reliability (IAOR) of the measurement of the Baumann angle was found to be excellent (r=0.80, p=0.0001) 10°of humeral rotation on the anteroposterior radiograph of the elbow [4] . Inter-observer variability could also, at least in theory, play a role in the observed variability of the measurement of the Baumann angle of the humerus. However, the inter-and intra-observer reliability values for the measurement of the Baumann angle of the humerus, to our knowledge, have not been previously determined.
This study demonstrates that the Baumann angle of the humerus is a highly reliable measurement, with excellent inter-observer and intra-observer reliability values (r=0.78 and r=0.80, respectively). In most instances, measurements of the Baumann angle of the humerus (by different observers, as well as by a single observer on multiple occasions) were within 7°of each other. Therefore, a difference of up to 7°in the measurement of the Baumann angle (by a single or multiple observers) should be considered to be within the normal error of the measurement.
Taking into consideration that the Baumann angle of the humerus is used on a regular basis as a predictor to determine the outcome of paediatric supracondylar humeral factors, the results of this study have significant clinical implications. By establishing the inter-and intra-observer variability of the Baumann angle of the humerus, and therefore the normal error of the measurement, clinicians can better determine the outcome of paediatric supracondylar humeral fractures. Moreover, the results obtained in different series dealing with the outcome of such fractures can be compared with greater accuracy.
In this study, excellent values of inter-and intra-observer reliability were found for the measurement of the Baumann angle of the humerus, despite the fact that the level of expertise was different for at least three of the five observers. In clinical research, an ideal outcome measure is one that is simple, repeatable, and that can be applied universally by a wide range of individuals, without regard to their level of expertise. The results of this study suggest that the Baumann angle of the humerus fulfills those criteria. Therefore, the measurement of the Baumann angle of the humerus should be considered when performing outcome research on paediatric supracondylar humeral fractures.
The purpose of this study was not to determine the normal values of the Baumann angle of the humerus in paediatric patients with supracondylar humeral fractures; instead, our purpose was to evaluate the repeatability of the measurement of the Baumann angle. For that reason, only minimally displaced supracondylar humeral fractures that had been treated with cast immobilisation were considered. The values obtained for the Baumann angle of the humerus in this study were provided only as a reference to describe the differences between the different observations. In order to determine the normal values of the Baumann angle of the humerus in the paediatric population, a much larger study would be required, controlling for systematic errors that could affect the measurement of the angle (e.g. type and severity of fracture, quality of fracture reduction, the amount of rotation of the humerus on the radiograph, etc). The fact that these factors were not controlled in this study does not affect the results obtained, since the same radiographs were analysed by all observers.
In conclusion, the Baumann angle of the humerus is a simple, repeatable and reliable measurement that can be used for the determination of the outcome of supracondylar humeral fractures in the paediatric population.
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